A microtubule-organizing center [MTOC; Pickett-Heaps (14) ] is considered to govern the spatial arrangement of microtubules in interphase and mitotic cells. Electron microscopy of various types of cells has revealed some aspects of the MTOC's structure and its relation to the microtubules (7, 15) . Several reports that describe the microtubule-initiating activity of the centrosome in vitro show that it was neither the centrioles nor residual microtubule fragments, but the pericentriolar materials that were responsible for the initiation of microtubule assembly (5, 9, 12, 13, 17, 18) .
Furthermore, the ability to initiate assembly has been shown to change during the cell cycle (6, 8, 19) . Recently, Kuriyama showed that centrosomes isolated from cultured Chinese hamster ovary cells initiate tubulin polymerization (9) . She described some properties of the isolated centrosomes that are related to the aster-forming activity. The physiological function of the MTOC, including the regulation of when and how it initiates microtubule assembly, however, requires further biochemical Abbreviations used: DMSO, dimethylsulfoxide; EGTA, ethyleneglycol bis(2-aminoethylether)-N,N,N',N'-tetraacetic acid; MA, mitotic apparatus; MES, 2-(N-morpholino)ethanesulfonic acid; MTOC, microtubule-organizing center; PIPES, piperazine-N,N'-bis(2-ethanesulfonic acid); PME solution, 100 mM PIPES-0.5 mM MgC12-1 mM EGTA; PMSF, phenylmethylsulfonyl fluoride. identification, especially of the constituent responsible for the interaction with tubulin.
Endo has reported that in sea urchin eggs the pericentriolar material, termed "clusters of granular material" , surrounds the centrioles for the formation of the MA. The clusters of this granular material consist of electron dense granules with diameters ranging from 60 to 100 nm as shown by electron microscopy (1). Furthermore, Endo et al. (3) have suggested that these clusters of granular material act as MTOCs in vivo when the mitotic apparatus (MA) is modified by treatment with hexyleneglycol.
Recently we found that the MAs isolated from sea urchin eggs has clusters of granular materials inside their centrospheres. These MAs have the following advantages for use in the preparation of an MTOC fraction: 1) They contain MTOC, and materials which are derived from the MA preparation and are capable of initiating tubulin polymerization should contain elements derived from MTOC. 2) Contamination of cytoplasmic materials, which may disturb MTOC activity, can be minimized.
We here describe the preparation of the crude MTOC fraction from isolated MAs that are able to initiate tubulin polymerization. The isolated fraction contained granules which acted as the center for the formation of small asters. 
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isolated MAs. A differential interference micrograph of the isolated MAs of Anthocidaris eggs at meta-anaphase is shown in Fig. 1 . Some of the MAs at anaphase have divided into halves during isolation. The isolated MA of a Hemicentrotus egg at early anaphase was observed by electron microscopy after making a thick section. The microtubules and chromosomes (Fig. 2) are the main structural components of this isolated MA that has clusters of granular material (electron-dense material shown by the arrow) inside the centrospheres as previously described for the whole egg preparations (1, 2) and the MAs isolated from hexyleneglycol-treated eggs (3). The astral region of an MA, in which clusters of granular material present in the centrosphere region are more distinct than in Fig. 2 , is shown in Fig. 3 aster-forming activity. This inconsistency may be due to the difference in the materials used. In our study, loss of aster-forming ability due to heat or trypsin treatment as well as resistance to RNase treatment suggested that the protein components function in the nucleation of the microtubule assembly. Whether the centriole or the pericentriolar material is the site of microtubule assembly in vitro has long been a question. Since the study reported by Gould and Borisy (5), the pericentriolar materials generally have been believed to be the site. In our study also, aster formation did not require the centriole. When the isolated MAs were homogenized and tubulin was added, the number of asters formed was more than twenty times the number of centrioles in the MA. Therefore, the centrioles cannot account for the increment in the number of asters. Furthermore, so far no centriole has been found in electron microscopic observations of the centers of these small asters.
The isolation of granules from isolated MAs that retain the ability to form asters was the first step in the purification of an MTOC from sea urchin eggs. The constituent proteins then were dissolved and could be reconstituted into globular particles. Further analysis of the protein components is in progress.
